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counteract the effect of the first on the torque output by the
internal combustion engine. A deviation of the measured
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METHOD FOR TESTING A PRESSURE
SENSOR OF A FUEL ACCUMULATOR
DEVICE

CROSS-REFERENCE TO RELAT
APPLICATIONS

s
w

This application 1s a U.S. National Stage Application of

International Application No. PCIT/EP2009/034580 filed
Apr. 17, 2009, which designates the United States of
America, and claims priority to German Application No. 10
2008 024 956.4 filed May 23, 2008, the contents of which are
hereby incorporated by reference 1n their entirety.

TECHNICAL FIELD

The invention relates to a method for testing a pressure
sensor of a fuel accumulator device 1n an internal combustion
engine.

BACKGROUND

Methods and apparatuses for apportioning fuel to an inter-
nal combustion engine are known from the prior art, in which
the fuel 1s delivered pressurized mto a fuel accumulator
device by means of a pump. Injectors, which are assigned to
the respective cylinders of the internal combustion engine,
extract fuel from the fuel accumulator device and apportion 1t
at predeterminable points in time 1n a predeterminable quan-
tity to the respective cylinder of the internal combustion
engine. The apportioned quantity of fuel can be adjusted here
to different operating states by way of the opening time of the
injector, the number of individual injections and the fuel
pressure in the fuel accumulator device.

The fuel pressure 1 the fuel accumulator device can be
regulated to a desired value, which 1s dependent on the oper-
ating state, by means of a control device. A pressure sensor 1s
provided here 1n order to detect the actual value. If the mea-
sured actual value 1s lower than the provided desired value,
the actual value can be 1increased by actuating the fuel pump.

If the actual value 1s higher than the target desired value, a
controllable return valve allows for the decrease in pressure.

If the fuel pressure 1n the fuel accumulator device 1s 1mcor-
rectly set as a result of the control loop, the fuel quantity fed
to the combustion process changes 1n an unwanted fashion.
This mostly results in unwanted behavior of the internal com-
bustion engine and of the motor vehicle equipped therewith,
like for instance loss of power, increase of power, 1rregular
engine operation, poor emission values, high consumption or
suchlike. Since the internal combustion engine 1n a motor
vehicle 1s operated with frequently changing operating con-
ditions, 1t 1s not possible for an on-board diagnosis system,
which 1s integrated in the engine control device, to determine
the precise cause of fault of the imjection system. Possible
causes of fault are for instance the return valve, the fuel pump,
the mjectors or the pressure sensor. This frequently results in
undamaged components being replaced. Such a replacement
1s always associated with time and eflfort and costs, without
the motor vehicle subsequently functioning properly again.
Customer satisfaction 1s herewith negatively intfluenced.

SUMMARY

According to various embodiments, an electrical fault-
free, but nevertheless 1incorrectly indicating pressure sensor
can be 1dentified in a tuel accumulator device of an internal
combustion engine by means of a simple testing method.
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2

According to an embodiment, 1n a method for testing a
pressure sensor of a fuel accumulator device of an internal

combustion engine, in which the pressure in the fuel accumu-
lator device changes, the influence of the change on the torque
generated by the internal combustion engine 1s determined,
with a deviation 1n the measured change from the expected
change being determined.

According to a further embodiment, the torque generated
by the internal combustion engine can be determined by
means of a torque detection facility. According to a further
embodiment, the pressure in the fuel accumulator device
changes and the torque generated by the internal combustion
engine may be kept constant by changing at last one further
actuating variable, with a deviation in the implemented
change 1n the at least one further actuating variable from the
expected changed in the at least one further actuating variable
being determined. According to a further embodiment, the at
least one further actuating variable can be selected from an
injection duration and/or an injection time and/or an 1gnition
time and/or a throttle valve position. According to a further
embodiment, the actual value of the at least one further actu-
ating variable can be determined by a control loop such that
the control vanable remains constant. According to a further
embodiment, the control variable can be selected {from a
speed and/or a cylinder pressure. According to a further
embodiment, the pressure 1n the fuel accumulator device can
be changed continuously, 1n particularly linearly. According
to a further embodiment, the method flow can be controlled
by a diagnostic device, which 1s connected to an engine con-
trol device by means of an 1nterface. According to a further
embodiment, the desired value of the pressure in the fuel
accumulator device and/or an engine speed and/or a cylinder
pressure can be predetermined by the diagnostic device.
According to a further embodiment, a deviation in the imple-
mented change 1n the at least one further actuating variable
from the expected change 1n the at least one further actuating
variable can be determined by the diagnostic device. Accord-
ing to a further embodiment, the speed of the internal com-
bustion engine may amount to between 2000 1/min and 3500
1/min.

According to another embodiment, the method as
described above can be used for testing the rail pressure
sensor of a self-igniting internal combustion engine with
direct fuel mjection.

According to yet another embodiment, a computer pro-
gram may 1mplement a method as described above, 11 the
computer program 1s executed on a computer.

According to a further embodiment of the computer pro-
gram, the computer program may have a program code,
which 1s stored on a machine-readable data carrier, for imple-
menting a method as described above, i the computer pro-
gram 1s executed on a computer. According to a further
embodiment of the computer program, the machine-readable
data carrier may include a semiconductor memory, in particu-

lar a ROM and/or a PROM and/or an EPROM and/or an
EEPROM and/or Flash EPROM.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention 1s to be explained 1n more detail below with
the aid of Figures and an exemplary embodiment without
restricting the general mventive 1dea, 1n which;

FIG. 1 shows a schematic representation of the fuel appor-
tionment to an 1nternal combustion engine.

FIG. 2 shows a flow chart of an embodiment of a test
routine, with which the function of the pressure sensor can be
tested.
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FI1G. 3 shows a tlow chart of a further embodiment of a test
routine, with which the function of the pressure sensor can be

tested.

FIG. 4 shows the fuel pressure FUP against time for the
exemplary embodiments described in FIGS. 2 and 3.

FIG. 5 shows possible faults 1n the pressure sensor.

FIG. 6 shows the temporal course of the opening duration
T1 of an 1njector.

DETAILED DESCRIPTION

The object 1s achieved by a method for testing a pressure
sensor 1n a fuel accumulator device of an internal combustion
engine, 1n which the pressure in the fuel accumulator device
changes and the influence of the change on the torque gener-
ated by the internal combustion engine 1s determined, with a
deviation 1n the measured change from the expected change
being determined.

According to an embodiment, in a method for testing a
pressure sensor of a fuel accumulator device of an internal
combustion engine, in which the pressure 1n the fuel accumu-
lator device changes and the torque generated by the internal
combustion engine 1s kept constant by changing at least one
turther actuating variable, a deviation 1n the implemented
change of the at least one further actuating variable from the
expected change 1n the at least one further actuating variable
1s determined.

The proposed testing method 1s based on the fact that the
torque produced 1s clearly correlated with the apportioned
fuel quantity 1n a predetermined operating state. The fuel
quantity 1s in this case a function of the pressure in the fuel
accumulator device and the opening time and opening dura-
tion of the injector. If the pressure within the fuel accumulator
device 1s increased, for instance by actuating a bypass valve,
by actuating the delivery pump or by actuating a fuelling
device, the fuel quantity and thus the produced torque will
increase without corresponding counter measures. If the
motor vehicle 1s equipped with a facility for detecting the
torque, the change 1n torque resulting from the change in
pressure can be determined immediately. An expected change
in torque can be calculated from the measured value of the rail
pressure and the remaining engine parameters. A deviation in
the measured and the calculated torque herewith indicates a
faulty rail pressure sensor.

According to an embodiment, 1t 1s proposed to compensate
for the increase 1n torque when increasing the rail pressure by
intervention in at least one further actuating variable of the
internal combustion engine. This intervention actually
needed 1s then compared with an itervention which 1s deter-
mined i1n a theoretical model of the internal combustion
engine. IT the actually needed intervention is greater than
expected, the pressure 1n the fuel accumulator device 1s higher
than that predetermined by the pressure sensor. If the neces-
sary intervention 1s less than theoretically expected, the pres-
sure within the fuel accumulator device 1s lower than that
indicated by the pressure sensor.

The 1injection duration, 1.e. the opening time of the 1njector,
1s particularly suitable as an actuating variable, which coun-
teracts the change 1n torque during a change 1n the fuel pres-
sure. As a result, the injected quantity of fuel and the torque
produced by the internal combustion engine 1s kept constant.
At the same time, the opening time of the injector can be
measured 1n a particularly simple fashion with the aid of the
actuation signal of the injector and the evaluation of the
method 1s stmplified.

The various embodiments nevertheless do not teach the
change 1n injection duration as the principle of invention.
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4

Instead, a change in torque by changing the fuel pressure can
also be compensated by other actuating variables, for instance
by the injection time, the i1gnition time, the throttle valve
position, the number of individual injections, the charging
pressure or other parameters not mentioned here. The person
skilled will instead select one or several suitable parameters
as a function of the respective application purpose.

The actuating variable, which counteracts the increasing
tuel pressure 1n the fuel accumulator device, 1s intfluenced 1n
one embodiment by means of a control loop, such that the
torque produced by the internal combustion engine 1s kept
constant. The produced torque can be determined here for
instance by means ol a power absorption roller directly on the
crankshaft or on the drive axle. In a further embodiment, the
engine torque can be determined by one or several cylinder
pressure sensors.

The implementation of the method 1mn an engine idling
situation 1s particularly simple and thus preferred. In this
case, a constant speed of the internal combustion engine 1s
adjusted 1n the case of a specific, predetermined quantity of
tuel per power cycle, said constant speed being defined by the
tfrictional losses inside the engine and external torque con-
sumers such as for instance air-conditioning compressors,
servo pumps, generators or gear parts. A quantity of fuel
which increases as a result of an increase in fuel pressure
produces an increased torque, which manifests itself 1n an
increasing speed. The at least one selected actuating variable
can then be used to reduce the torque until the previously
prevailing speed 1s achieved again. To this end, the engine
idling regulator of the engine control device can be used
preferably but not imperatively.

In an embodiment, a speed i1s selected 1n order to 1mple-
ment the method, which 1s above the engine 1dling speed
typically used during operation of the motor vehicle. In par-
ticular, the person skilled 1n the art will take 1nto account a
speed between 2000 1/min and 3500 I/min, if the internal
combustion engine to be tested 1s a self-igniting internal
combustion engine. With an externally ignited internal com-
bustion engine, the person skilled 1n the art can 1f necessary
also provide higher speeds, for instance 5000 1/min. This
herewith ensures that the available torque 1s suflicient to
supply the fuel pump with suificient driving power so that the
overall pressure range of the fuel accumulator device, which
1s produced during operation, can be passed through.

During normal operation of the internal combustion
engine, the fuel pressure in the fuel accumulator device would
remain constant during the constant operating state prevailing,
in the testing phase. Contrary thereto, the test routine never-
theless provides to vary the tuel pressure. The overall permis-
sible operating range 1s preferably passed through here. Pret-
crably, but not imperatively, a linear increase in the fuel
pressure with the time 1s predetermined by the test routine. As
a result, measured values recorded 1n a time-dependent fash-
ion can be converted particularly easily into fuel pressure-
dependent values.

The overall test method can either be implemented 1n a
control device or1n a diagnostic device, which 1s connected 1n
the garage to the engine control device by means of a serial or
parallel interface 1n order to implement the method. In the
latter case, the proposed test routine disables parts of the
engine control device during the test run. As a result, prese-
lected desired values which deviate from the normal opera-
tion for instance can be predetermined for the fuel pressure or
the speed for instance. Furthermore, the diagnostic device can
visualize measured values of the actuating variables selected
for compensation and compare these with the values expected
during normal operation of the imnternal combustion engine.
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FIG. 1 shows a schematic representation of the fuel appor-
tionment to an internal combustion engine. The fuel 1s con-
veyed here 1n a storage tank 12 1n the motor vehicle. From
there, the fuel 1s ingested by means of a supply line 21 via a
tuel filter 13 through a low pressure pump 14. The quantity
apportioned to the internal combustion engine 1n the respec-
tive operating state can be influenced by the engine electron-
ics 11 by means of an adjustment valve 16. The quantity
leaving the adjustment valve 16 1s compressed by a high
pressure pump 17 and fed to a fuel accumulator device 10. A
pressure measuring facility 18 1s available in order to measure
the pressure prevailing in the fuel accumulator device 10. The
desired value of the pressure i1s defined here by the engine
control device 11 as a function of the operating state. If the
pressure determined using sensor 18 1s lower than the desired
value, additional fuel 1s fed to the storage device 10 by way of
a volume adjuster 16 and a high pressure pump 17, in order to
increase the pressure. If the pressure determined using sensor
18 1s higher than the required desired value, fuel can be
discharged 1nto a return line 22 by means of the valve 20.

During operation of the internal combustion engine, a
quantity of fuel 1s taken from the storage device 10 by way of
an 1njector 19 and fed to the combustion chamber of the
internal combustion engine. FIG. 1 shows four injectors 19a,
196, 19¢ and 194 of a four cylinder internal combustion
engine. The desired values for the opening duration and the
opening time are determined here by the control device 11 as
a function of the operating state, 1.e. as a function of the
desired torque. According to the specific desired values, the
injectors 19 are then actuated by the engine control device 11.
Here the apportioned quantity of fuel 1s determined per work
cycle by the opening duration and the pressure in the fuel
storage device 10.

Furthermore, the control device 11 includes test and diag-
nosis routines, in order to determine faults on the cited com-
ponents during operation of the internal combustion engine or
during 1ts start-up. It 1s however often not possible here to
clearly assign a fault in the apportioned quantity of fuel to an
injector 19, the high pressure pump 17, the fueling device 16,
the pressure sensor 18 or the discharge valve 20. Only a short
circuit 1n the connecting lines can be clearly 1dentified by the
control device 11. In the event of a fault, fully functional

components are therefore often replaced by mistake.

FIG. 2 describes an embodiment of a test routine, with
which the function of the pressure sensor 18 can be tested.
The test routine can be implemented here 1n the engine con-
trol device 11. Alternatively, the test routine can also run 1n a
diagnostic device, which 1s connected to the control device 11
by means of the interface 23. Furthermore, provision can be
made by the person skilled to allow some subfunctions to run
in the engine control device 11 and other subfunctions 1n the
diagnostic device.

The testing method relates to a measurement of the torque
produced by the internal combustion engine. This results
from the torque generated by the internal combustion engine
less the internal torque losses. To keep the internal torque
losses constant, the internal combustion engine should, as far
as possible, have reached a constant operating temperature
betfore the next method step 1s executed.

At the start of the actual measurement, a predetermined
tuel pressure 1s set by the pressure regulator 18, the high
pressure pump 17, the fueling device 16 and the discharge
valve 20. In the exemplary embodiment, the method begins
with the minimal specified fuel pressure. A person skilled in
the art 1s however naturally able to begin the method with the
highest specified pressure or with any interim value.
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At the start of the method according to various embodi-
ments, an increased engine 1dling speed 1s specified. For
instance, the specification of an increased desired value can
take place by means of the diagnostic device. The subsequent
regulation of the internal combustion engine to this desired
value can be executed by the engine 1dling regulator which 1s
already available 1n the control device 11. The engine 1dling
speed results here as a speed of equilibrium, with which the
torque generated 1n the internal combustion engine compen-
sates for both the frictional losses inside the engine and also
the external torque consumers, like for instance servo pumps,
compressors or generators.

This torque 1s measured by means of a torque detection
facility. For mstance, the torque can be determined on the
crankshaift or on the drive axle.

Subsequent to these preparation steps, the actual testing of
the pressure sensor 18 takes place. To this end, the fuel pres-
sure FUP 1s changed 1n defined steps. The flow chart shows a
method control, 1n which the fuel pressure FUP 1s gradually
increased starting from a minimal specified pressure to the
maximum pressure. In order to increase the fuel pressure
FUP, the test routine can prespecily a new, increased desired
value, which 1s set by the pressure regulator integrated in the
engine control device 11. This increase 1n fuel pressure results
in an increase in the fuel apportionment and thus in an
increase in the torque.

In order to be able to reliably assess the change in the
torque, all actuating variables are advantageously locked,
which can influence the torque of the internal combustion
engine. This thus ensures that a change in the measured torque
exclusively takes place by changing the fuel pressure.

After adjusting the fuel pressure FUP, an expected value 1s
determined for the torque TQI_RE, 1n the case of the fuel
pressure FUP measured by means of the sensor 18, by means
of a behavior model of the internal combustion engine. A
deviation can then be determined between the calculated
torque TQI_RE and the measured torque TQI_IST. If the
deviation lies above a predetermined threshold value, 1t can
be assumed that the pressure FUP measured by means of the
pressure sensor 18 1s not the pressure actually prevailing in
the fuel accumulator device 10.

If the maximum pressure 1s still not reached, the last
method steps are repeated. The fuel pressure FUP 1s thus
increased further by prespecitying a higher desired value. A
further measurement of the torque TQI_IST then takes place.
A further value TQI_RE can be calculated for the torque from
the newly measured fuel pressure FUP and the behavior

model of the internal combustion engine. To complete the
iteration, a deviation 1s 1n turn calculated between the mea-
sured torque TQI_IST and the calculated torque TQI_RE. A
characteristic curve of the used pressure regulator 18 can be
recorded in this way.

The characteristic curve allows a distinction to be made for
instance to determine whether the pressure sensor 18 has a
percental fault, which depends on the measured value or a
constant offset. On the basis of the extent of the deviations, it
1s possible to decide whether the pressure sensor 18 1s defec-
tive or 1s to be replaced. An unnecessary replacement of other
components, like for instance a high pressure pump 17, the
fuelling device 16 or the overpressure valve 20, can be pre-
vented 1n this way.

FIG. 3 describes a further embodiment of a test routine,
with which the function of the pressure sensor 18 can be
tested. The test routine can be implemented here 1n the engine
control device 11. Alternatively, the test routine can also run
in a diagnostic device, which 1s connected to the control
device 11 by means of the interface 23. Furthermore, the
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person skilled in the art can provide for some subfunctions to
be able to run in the engine control device 11 and other
subfunctions 1n the diagnostic device.

At the start of the method according to various embodi-
ments, an increased engine 1dling speed is prespecified. For
instance, the prespecification of an increased desired value
can take place by means of the diagnostic device. The subse-
quent regulation of the internal combustion engine to this
desired value can be implemented by the engine 1dling regu-
lator, which 1s already present 1n the control device 11. The
engine 1dling speed results here as a speed of equilibrium,
with which the torque generated 1n the internal combustion
engine compensates for both the frictional losses inside the
engine and also the external torque consumers, like for
instance servo pumps or generators. To ensure that the torque
produced by the internal combustion engine clearly correlates
with its speed, both the iternal losses and also the external
torque consumers are to remain as constant as possible. A
connection of further torque consumers 1s therefore pre-
vented. In order to keep the internal losses constant, the
internal combustion engine should, as far as possible, have
achieved a constant operating temperature before the next
method step 1s implemented.

At the start of the actual measurement, a predetermined
tuel pressure 1s set by the pressure regulator 18, the high
pressure pump 17, the fueling device 16 and the discharge
valve 20. In the exemplary embodiment, the method starts
with the minimal specified fuel pressure. The person skilled
in the art 1s naturally also able to begin the method with the
highest specified pressure or with any interim value.

In the case of otherwise unchanged actuating variables, the
change 1n fuel pressure results 1n a change 1n the apportioned
quantity of fuel and thus in a changed torque, which can be
noticed 1 a changed engine speed. At least one actuating,
variable 1s therefore influenced by the engine 1dling regulator
in order to adjust the speed of the internal combustion engine
back to the starting value. The exemplary embodiment shown
here 1s the opening duration T1 of the injectors 19. By adjust-
ing the opening duration TI, the fuel quantity fed to the
combustion chambers also remains constant during a change
in the fuel pressure.

To be able to reliably assess the change 1n the selected
actuating variables, here the opening duration T1, other actu-
ating variables, which can influence the torque of the internal
combustion engine, are advantageously locked. This ensures
that a change in the fuel pressure 1s exclusively compensated
by the selected actuating variable.

The actual testing of the pressure sensor 18 takes place
alter these preparation steps. To this end, the fuel pressure
FUP 1s changed 1n defined steps. The tlow chart shows a
method control, 1n which the fuel pressure FUP 1s gradually
increased from a minimal specified pressure to a maximum
pressure. In order to increase the fuel pressure FUP, the test
routine can specily a new, increased desired value, which 1s
set by the pressure regulator integrated 1n the engine control
device 11.

This increase 1n fuel pressure results 1n an increased fuel
apportionment and thus 1n an increase 1n the torque. In the
case of a constant load of the internal combustion engine, the
increase in the torque results i an increased speed. The
opening duration of the mjectors T1 1s therefore influenced by

way ol the engine 1dling regulator until the originally selected
speed 1s reproduced again.

Subsequent to the adjustment of the fuel pressure FUP,

opening time T1 and speed, in the case of the fuel pressure
FUP measured by means of sensor 18, an expected value 1s
determined for the opening duration T1 by means of a behav-
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ior model of the internal combustion engine. A deviation
between the calculated opening duration TI_RE and the mea-
sured opening duration TI_IST can then be determined. If the
deviation lies above a predetermined threshold value, 1t can
be assumed that the pressure FUP measured by means of the
pressure sensor 18 1s not the pressure which actually prevails
in the fuel accumulator device 10.

If the maximum pressure 1s still not reached, the last
method steps are repeated. The fuel pressure FUP 1s therefore
increased further by specitying a higher desired value. The
adjustment of the speed and thus of the torque again takes
place by adjusting the opening duration 11 of the injectors. A
turther value TI_RE can be calculated for the opening dura-
tion from the newly measured fuel pressure FUP and the
behavior model of the internal combustion engine. To com-
plete the iteration, a deviation between the set opening dura-
tion TI_IST determined by the engine 1dling regulator and the
calculated opeming duration TI_RE is calculated again. In this
way, a characteristic curve of the used pressure regulator 18
can be recorded.

The characteristic curve enables for instance the distinc-
tion to be made as to whether the pressure sensor 18 has a
percental error, which depends on the measured value or a
constant offset. As a result of the extent of the deviations, 1t 1s
possible to decide whether the pressure sensor 18 1s defective
and 1s to be replaced. In this way, an unnecessary replacement
of other components, like for instance the high pressure pump
17, the tueling device 16 or the overpressure valve 20, can be
prevented.

FIG. 4 once again shows the fuel pressure FUP against the
time for the exemplary embodiment described with the aid of
FIG. 3. The method begins at the lowest specified value FUP, .
With each iteration, an enlargement of the pressure takes
place by a constant value, so that a linear increase results over
time up to the highest specified value FUP, with a similar
method duration for each iteration step. It should be noted that
the linear curve shown 1n FIG. 4 1s only exemplary. The
person skilled in the art can naturally provide other curve
courses.

FIG. 5 shows possible errors in the pressure sensor 18. The
real pressure FUP_REAL prevailing 1n the storage device 10
1s shown on the x-axis and the indicated measured value
FUP_SENSOR 1s shown on the y-axis. I the pressure sensor
18 1s functioning correctly, the curve shown in curve A
results. Curve A 1s a straight line, which 1s inclined at 43° to
both axes. This means that the measured fuel pressure corre-
sponds to the real prevailing pressure within the scope of the
measuring accuracy. Furthermore, possible fault curves are
shown in curve B and C. In the case of curve B, the fuel sensor
18 shows a lower value than the actually prevailing pressure.
In the case of curve C, which is shown by way of example, the
pressure sensor indicates a higher value than the actually
prevailing pressure. Both cases mvolve a percental fault,
which increases with increasing pressure. Curves B and C are
to be understood as purely exemplary. Non-linear curves or
constant error values, which are to be added to the respective
prevailing pressure would also be conceivable.

During operation of the internal combustion engine, the
opening duration T1 of the injectors 19 1s set by the control
device 11 with the aid of the measured fuel pressure
FUP_SENSOR. If the measured fuel pressure deviates as
shown 1n FIG. 5, this results 1n an incorrect quantity of fuel.

FIG. 6 shows the temporal course of the opening duration
TT of an mjector 19 during the method according to various
embodiments, 1f the fuel pressure FUP has the temporal
course shown in FIG. 4. Here Figure A represents the
expected curve course of an mternal combustion engine, the
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pressure sensor 18 of which 1s undamaged. The curve courses
B and C then always result 1f the pressure sensor 18 has the
damage shown 1n FIG. §.
With the increase 1n pressure shown in FIG. 4, the injection
duration TT 1s shortened by the engine 1dling regulator. In this
way, the increasing fuel pressure 1s compensated and the
apportioned quantity of fuel and thus the indicated torque of
the internal combustion engine remain constant. It should be
noted that the linear course shown by way of example in
Figure as A does not necessarily have to correspond to the real
conditions. As a function of the geometry of the injection
nozzles and the operating state of the internal combustion
engine, a non-linear course can also arise.
If the pressure sensor 18 does not indicate the real prevail-
ing fuel pressure but instead a higher fuel pressure, the course
ol the opening time shown 1n curve B 1s adjusted. In curve B,
the actual opening time 11 of an 1njector 1s greater than the
opening time actually expected with the measured fuel pres-
sure. A clearer indication results therefrom such that the
actual pressure has to be lower than that predetermined by the
pressure sensor 18.
If the pressure sensor 18 indicates a lower pressure than 1s
actually present in the storage device 10, the course of the
opening time shown i curve C results. It1s apparent herefrom
that 1n order to achieve a constant torque, 1.e. for a constant
injection quantity, a shorter injection duration 1s needed than
according to the pressure measurement with sensor 18. In this
case, the actual pressure 1s somewhere higher than that speci-
fied by the sensor 18.
What 1s claimed 1s:
1. A method for testing a pressure sensor of a fuel accumus-
lator device of an internal combustion engine during opera-
tion of the internal combustion engine, the method compris-
ng:
implementing a change 1n a first actuating variable;
applying a closed loop control scheme to vary a second
actuating variable 1n response to the change 1n the first
actuating variable, thereby maintaining a constant
torque output by the iternal combustion engine;

comparing an actual change of the second actuating vari-
able resulting from the closed loop control scheme to an
expected change 1n the second actuating variable
according to the closed loop control scheme, based on
the implemented change 1n the first actuating vanable, to
determine a deviation between the actual change and the
expected change; and

evaluating an operating condition of the pressure sensor

based on the determined deviation.

2. The method according to claim 1, wherein the second
actuating variable is selected from at least one of: an 1njection
duration, an injection time, an i1gnition time, and a throttle
valve position.

3. The method according to claim 1, wherein the speed of
the internal combustion engine amounts to between 2000 rpm
and 3500 rpm.

4. The method according to claim 1, wherein the method 1s
used for testing a rail pressure sensor of a self-igniting inter-
nal combustion engine with direct fuel 1njection.

5. The method according to claim 1, wherein the first
actuating variable comprises a pressure in the fuel accumu-
lator device.

6. The method according to claim 5, wherein the pressure
in the fuel accumulator device i1s changed linearly.

7. The method according to claim 1, wherein the imple-
mentation of the method steps 1s executed by a diagnostic
device, which 1s connected to an engine control device by
means ol an 1nterface.
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8. The method according to claim 7, wherein an expected
value of at least one of the pressure 1n the fuel accumulator
device, an engine speed, and a cylinder pressure 1s predeter-
mined by the diagnostic device.

9. The method according to claim 7, wherein the deviation
between the actual change and the expected change 1n the
second actuating variable 1s determined by the diagnostic
device.

10. A computer program product comprising a non-transi-
tory machine-readable data carrier storing computer nstruc-
tions which when executed on a computer perform a method
for testing a pressure sensor of a fuel accumulator device of an
internal combustion engine including the steps of:

implementing a change 1n a {irst actuating variable;

applying a closed loop control scheme to vary a second
actuating variable 1n response to the change 1n the first
actuating variable, thereby maintaining a constant
torque output by the internal combustion engine;

comparing an actual change of the second actuating vari-
able resulting from the closed loop control scheme to an
expected change in the second actuating variable
according to the closed loop control scheme, based on
the implemented change in the first actuating variable, to
determine a deviation between the actual change and the
expected change; and

evaluating an operating condition of the pressure sensor

based on the determined deviation.

11. The computer program product as claimed 1n claim 10,
wherein the non-transitory machine-readable data carrier
includes a semiconductor memory selected from the group

consisting of: a ROM, a PROM, an EPROM, an EEPROM,
and Flash EPROM.
12. The computer program product as claimed 1n claim 10,
wherein the first actuating variable comprises a pressure in
the fuel accumulator device.
13. The computer program product as claimed 1n claim 12,
wherein the pressure in the fuel accumulator device 1s
changed linearly.
14. A system for testing a pressure sensor of a fuel accu-
mulator device of an internal combustion engine, comprising;:
a Tuel accumulator wherein the pressure 1n the fuel accu-
mulator device changes,
a pressure sensor coupled with the fuel accumulator and
generating a signal corresponding to a fuel pressure 1n
the fuel accumulator device; and
a diagnostic device configured to implement the steps of:
implementing a change 1n a first actuating variable;
applying a closed loop control scheme to vary a second
actuating variable inresponse to the change 1n the first
actuating variable, thereby maintaining a constant
torque output by the internal combustion engine;

comparing an actual change of the second actuating
variable resulting from the closed loop control
scheme to an expected change 1n the second actuating
variable according to the closed loop control scheme,
based on the implemented change 1n the first actuating,
variable, to determine a deviation between the actual
change and the expected change; and

evaluating an operating condition of the pressure sensor
based on the determined deviation.

15. The system according to claim 14, wherein the torque
generated by the internal combustion engine 1s determined by
means ol a torque detection facility.

16. The system according to claim 14, wherein the second
actuating variable is selected from at least one of: an 1njection
duration, an injection time, an i1gnition time, and a throttle
valve position.
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17. The system according to claim 14, wherein the first
actuating variable comprises a pressure 1n the fuel accumus-
lator device.

18. The system according to claim 17, wherein the pressure
in the fuel accumulator device i1s changed linearly. 5
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